The planting rates from 1921 to 1996 of new coniferous and broadleaved forests for 11 regions of Great Britain were assembled for the state and private sectors. Over that period new planting totalled 231 kha of conifers and 132 kha of broadleaves in England, 141 kha of conifers and 16 kha of broadleaves in Wales and 881 kha of conifers and 52 kha of broadleaves in Scotland.
1
. The estimated uptake rates were sensitive to the relative amounts of conifer and broadleaf forest planted (particularly in relation to increases in the pool of carbon in wood products) but not to regional differences in Yield Class. Use of any single Yield Class in the range 10-16 m 3 ha" sinks are discussed in the publication Climate Change-United Kingdom's Report under the Framework Convention on Climate Change (Stationery Office, 1997). Milne and Brown (1997, 1998) reported that forests in Great Britain contain about 92 Mt carbon with about 30 per cent in conifers, about 57 per cent in broadleaves and the rest in mixed forests. Forest area in Great Britain has expanded significantly since the 1920s and Cannell and Dewar (1995) estimated that, under the assumption that all had the characteristics of Sitka spruce of Yield Class 14 m 3 ha" 1 a" 1 , this expanding area of new forest has been taking up carbon at an increasing rate, starting from zero in 1925 and reaching about 2.5 Mt a" 1 by 1993. This paper considers the effect of regional differences across Great Britain in planting and growth rates of conifers and broadleaves on the net carbon uptake by new forests. The uptake of carbon is calculated using the carbon accounting growth model of Dewar and Cannell (1992) as applied to Great Britain by Cannell and Dewar (1995) but with planting rates since 1921 and Yield Class varying across the country.
Method
The carbon accounting model of Dewar and Cannell (1992) calculated the mass of carbon in trees, litter, soil and wood products from harvested material in new even-aged plantations which were clearfelled and then replanted at the time of Maximum Area Increment (MAI). Two types of input data and two parameter sets were required for the model (Cannell and Dewar, 1995) . The input data are (1) areas of new forest planted in each year in the past and (2) the stemwood growth rate and harvesting pattern. Parameter values were required to estimate (1) stemwood, foliage, branch and root masses from the stemwood volume and (2) the decomposition rates of litter, soil carbon and wood products.
Planting areas
For their estimates of carbon uptake by forests Cannell and Dewar (1995) used the total area in Great Britain of new planting in private and state forests for each year from 1925 to 1993. For the estimates described here their model is used but with the combined area of new private and state planting from 1921 to 1996 for 11 separate regions across the country and sub-divided into conifers and broadleaves. Restocking was dealt with in the model through the second and subsequent rotations for the 'new' areas and hence areas restocked each year did not need to be considered separately.
Forestry Commission Annual Reports were used as the main source of planting data. Additional information on planting rates from 1990 onwards was supplied for the private sector by the Forestry Authority, Grants and Licences Department, and for the state sector by the Forestry Commission Statistics Department. Use was also made of the Woodland Census of 1980 (Locke, 1987 and individual Conservancy Reports) to assist in apportioning planting to the regions before that date.
The form of data presentation in the Forestry Commission Annual Reports had changed over the years from the 1920s and there had been many changes to administrative areas. Consistency did exist for the three countries of Scotland, England and Wales which were the only areas for which private planting was presented and for which most Forestry Commission/Forest Enterprise (state) data were available. It was decided however that data for smaller areas would be useful to allow consideration of the effect of variation in Yield Class across each country. The longest run of reasonably stable administrative areas existed from 1950 to 1985 as Forestry Commission Conservancies and these were adopted as geographical regions for planting. Since 1985 the Conservancies have been increasingly reorganized but it proved possible to use Forest District planting data to reconstruct the total for the earlier Conservancy areas. However this may not be possible in future.
For state forests the areas of new broadleaf and conifer planting for each geographical region were available for years from 1980 to 1996. For earlier years only the total of new broadleaf plus conifer planting was generally available for each region (exceptions were 1946-58) . Consequently the proportions of total new planting going to broadleaf and conifer were estimated from the age of standing forests in each Conservancy. The age data were given in the Woodland Survey (Locke, 1987) in decadal spans and were assumed to be uniform within each span for each Conservancy or region.
The contribution of new private planting to each region was estimated from 1980 onwards using Woodland Grant Scheme data to distribute the totals for Scotland, England and Wales across the planting regions. For earlier years, decadal span data for private sector forests in each Conservancy from the 1980 Woodland Survey were used to apportion the country totals to the individual planting regions and to broadleaf and conifer.
The total area of new planting for private and state sectors was available for the periods 1921-30 and 1931^*0. The private new planting was apportioned to broadleaf and conifer in each region using the age data from the 1980 survey and then split equally to each year in these decades. For state forests a similar approach was taken for the 1930s, but for the 1920s the decade total could be split to each year more accurately using a time series graph in the 1946 Forestry Commission Annual Report.
Insufficient data have been published on the planting of different species of conifers or broadleaves to allow construction of planting time series for individual species in different locations.
Species and Yield Class
The carbon flow model (Dewar and Cannell, 1992) used Forestry Commission Yield Tables (Edwards and Christie, 1981) to describe forest growth. It was assumed for the calculations reported here that growth was likely to vary with location and hence different Yield Classes for different species were assumed for different regions. However, there was very little published information on variation in Yield Class with the exception of the modelling work, in relation to climate, of Worrell and Malcolm (1990) and later derivations (e.g. Macmillan, 1991) and those only applied to Scotland. Kupiec and Philip (1989) (Table 1) for Sitka spruce in each region from the three sources was assumed as a conservative estimate and used as a reference for carbon flux estimates. The alternative assumption of taking the largest reported estimate of mean Yield Class for Sitka spruce in each region was used to investigate the sensitivity of the flux calculations to assumed values for Yield Class.
There was agreement across the data sources on the yield of broadleaf species (Table 1) and hence it was assumed that broadleaf forests had the characteristics of beech (Fagus sylvatica L.) of Yield Class 6 m 3 ha" 1 a" 1 but the effect of assuming all broadleaf planting to be oak (Quercus spp.) of Yield Class 4 m 3 ha" 1 a" 1 was also considered.
Tree carbon (foliage, branch and root)
Increases in stemwood volume were based on standard Yield Tables, as in Dewar and Cannell (1992) and Cannell and Dewar (1995) , and the mass of carbon in a forest was calculated from this volume by multiplying by wood density, stem to branch and root mass ratios and the fraction of carbon in wood (0.5 assumed). The values used for these parameters for conifers and broadleaves are given in Table 2 . 
VARIATION OF PLANTING RATE AND UPTAKE OF CARBON

Litter, soil and wood products decomposition
The parameters controlling the transfer of carbon into the litter pools and its subsequent decay are given in Table 2 . Litter transfer rate from foliage and fine roots increased to a maximum at canopy closure. A fraction of the litter was assumed to decay each year, half of which added to the soil organic matter pool which then decayed at a slower rate. The decay of litter and soil matter was assumed to be controlled only by tree species and Yield Class and unaffected by other factors which varied with location. Additional litter was generated at times of thinning and felling. As in Cannell and Dewar (1995) it was assumed that conifer forests increased the amount of organic carbon in litter but did not increase the net amount of carbon in soil due to gains from the new forest being balanced by loss due to the disturbance at planting. Broadleaved forests were assumed to increase the net amount of carbon in litter and soil. Harvested material from thinning and felling, which is made into wood products, was assumed to decay over a period equal to the rotation of the forest, conifer or broadleaf as appropriate, since products from broadleaves (e.g. furniture) will decay more slowly than those from conifers (e.g. paper, building timber). A detailed description of all the assumptions in the model was given by Dewar and Cannell (1992) and Cannell and Dewar (1995) .
Results
Planting
The time course of new planting of broadleaves and conifers in Scotland, England and Wales is shown in Figure 1 . The importance of conifer planting is easily seen, particularly in Scotland. The effects of recent changes in grants related to forestry can also be noted, with the increasing importance of broadleaf compared with conifer planting. New planting in Wales has been small and has become negligible recently.
Planting in the individual regions of each country is presented in Figures 2 a, 1920 1930 1940 1950 1960 1970 1980 1990 2000 Year 1920 1930 1940 1950 1960 1970 1980 1990 • Wales Conifer 1990 2000 1920 1930 1940 1950 1960 1970 1980 1990 2000 Year Figure 2c . , giving a total increase of 2421 kt a" 1 in these pools in that year. Coniferous forest accounted for 89 per cent of this uptake, while Scottish conifer and broadleaf forests together took up 68 per cent. In addition the pool of carbon in wood products from the new forests is estimated to have increased by 310 kt a" 1 . Scottish conifer forests accounted for 64 per cent of the uptake by trees and litter and 52 per cent of the increase in the carbon in conifer wood products. New broadleaf planting in Great Britain, as a whole, took up much less carbon than conifer and the carbon going to the soil under broadleaf forests was similar in value to the flux to the trees. Under the assumptions made here the increase of carbon in wood products from new British broadleaf forests in 1995-96 is much less (9 kt a" 1 ) than the increase in the carbon in the products from new conifer forests (301 kt a" 1 ). The combined uptake of carbon by the trees, litter and broadleaf soil of the new forests of each region based on the smallest reported mean Yield Classes for Sitka spruce for conifers and Yield Class 6 m 3 ha" 1 a" 1 for beech is mapped in Figure 3 . The importance of the planting in Scotland to uptake of carbon is clearly seen.
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Discussion
The effect of assuming different Yield Classes on the estimates of carbon uptake in 1995-96 is shown in Table 5 . The estimated uptake rates for the various Yield Class assumptions vary by about ±10 per cent of the estimates using the smallest reported mean Sitka spruce Yield Class in each region. The effect of using oak characteristics in place of beech for broadleaves is to reduce the estimated uptake to trees, soil and litter by about 5 per cent from 2.42 Mt a" 1 to 2.31 Mt a" 1 but to have negligible effect on increases in the wood products pool. The estimate of uptake by trees, soil and litter found by assuming the largest reported mean Yield Class for Sitka spruce in each region is, at 2.62 Mt a" 1 , the greatest found for the different assumptions considered and is about 8 per cent larger than that assuming the smallest reported Yield Class in each region.
Under the assumption of Cannell and Dewar (1995) that all planting in Great Britain since the 1920s had the characteristics of Sitka spruce of Yield Class 14 m 3 ha" 1 a" 1 the estimated total uptake to trees, soil and litter in 1995-96 falls by 2 per cent to 2.37 Mt a" 1 while the estimated uptake to products is 0.37 Mt a" 1 , a 20 per cent increase. Thus, ignoring the presence of broadleaves completely and not taking into account variation in conifer yields in different locations tends to decrease the estimated carbon uptake by trees, litter and broadleaf forest soils but to increase the net uptake of carbon to the wood products pool. This reflects the pattern of planting in the earlier part of the period considered. The assumption of Cannell and Dewar (1995) that these forests were conifers results in the wood products pool increasing after about 60 years of a typical spruce rotation but in reality the forests planted at that time were mostly broadleaved and would not produce products until the longer beech rotation of 92 years had elapsed. These products would therefore not contribute to fluxes in 1995-96. The pattern of uptake to each pool is thus influenced by both the planting pattern and the species, although less by the precise Yield Class. As well as altering the total uptake for Great Britain, the assumption that all planting has Sitka spruce characteristics affects die regional distribution of uptake, as can be seen from Table 6 . For Scotland and Wales, using the 'all Sitka spruce' assumption, rather than including a separate account of broadleaves, has a much smaller effect than in England since less new broadleaf planting occurred in Scotland and Wales. The difference between the two assumptions in England is particularly marked for the wood products because of the preponderance of broadleaf planting. The effect on carbon uptake of assuming different Yield Classes for Sitka spruce as representative of conifer planting is shown in Figure  4 . The results indicate that assuming a single value for Yield Class in all regions has only a small effect on die estimate of British uptake compared with that using different Yield Classes in each region but only if the single value falls within the range 10-16 m 3 ha" 1 a"
1 . This is due to growth rate interacting with the planting patterns with time, resulting in there being little effect of Yield Class over that specific range but a greater effect outside the band. Assuming a single Yield Class outside this range for Sitka spruce planting would cause the estimated carbon uptake to be large (>30 per cent more) Figure 4 , use of such higher Yield Classes would have a minor influence on the overall estimate of British uptake rate. In addition, a relatively small proportion of new British conifer planting has been under private ownership in Scotland (about 30 per cent, Table 3 ) and Kupiec and Philip (1989) suggest these are understocked compared with the standard Forestry Commission management recommendations which are the basis for the growth data in the carbon flow model.
In addition to the effect of different assumptions concerning Yield Class, the parameter values selected for the model (Table 2) will influence the estimate, and hence the uncertainty, of uptake rates of carbon. Dewar and Cannell (1992) discussed the possible range of values for these parameters and presented a sensitivity analysis of each parameter separately on the equilibrium carbon storage of an unthinned Yield Class 14 m 3 ha" 1 a" 1 Sitka spruce plantation. A better estimate of the effect of uncertainty in the values of the parameters on calculated fluxes can be obtained by choosing sets of values for the parameters on a random basis and building up, through multiple runs of the model in a Monte Carlo analysis, the mean and standard deviation of net flux for Great Britain. Using this approach, the effect of combined variation in all parameters can be assessed. A preliminary Monte Carlo analysis was carried out with 1000 different runs of the model where the parameter values were randomly selected from within ranges above and below the values in Table 2 . The ranges were based on the assessments in Dewar and Cannell (1992) but were generally 50 per cent of the Table 2 value except for those parameters for which better data existed. To simplify the calculations all conifer planting was assumed to be Yield Class 12 m 3 ha" 1 a" 1 Sitka spruce with intermediate thinning and broadleaf was Yield Class 6 m 3 ha" 1 a" 1 beech. This analysis indicated that the standard deviation of the estimates from these runs was ±30 per cent of the mean for the net flux of carbon in 1995-96 to British trees, litter and broadleaf soil and ±70 per cent of the mean for the products.
Conclusions
New planting of conifers and broadleaves in Great Britain over the last 75 years has varied not only with time but across the country. The estimated net uptake of carbon in 1995-96 by these new forests was 2.42 Mt a" 1 to the trees, litter and soils and 0.31 Mt a" 1 to resulting wood products. The estimate of this uptake is not strongly affected by the variation in growth rate in different regions as indicated by Yield Class but is sensitive to making appropriate assumptions about the relative amounts of conifer and broadleaf forest planted. If conifer and broadleaf planting are considered separately, then estimates for British carbon flux in 1995-96 based on all reasonable assumptions for a single Yield Class for conifers as Sitka spruce will be within ± 10 per cent of that based on using different Yield Classes in different regions.
